cells are a rich source of mitogenic cytokines in liver (5),
responsible for WY-14 643-induced increases in DNA synthesis WY-14 643 [4-chloro-6-(2,3-xylidino)pyrimidinylthio-acetic and was localized immunohistochemically to sinusoidal lining acid] is a well-known non-genotoxic carcinogen and peroxicells, most likely Kupffer cells (4) . Therefore, these studies some proliferator that causes liver cancer in rodents by were designed to determine if Kupffer cells are causally unknown mechanisms. Its ability to sustain elevated rates responsible for the mitogenic effect of peroxisome proliferators of hepatocyte DNA synthesis is most likely pivotal in by inactivating Kupffer cells prior to treatment with WYthe ultimate development of tumors. The source of this 14 643.
mitogenic stimulus following treatment of rats with WY-
The most common method to prove involvement of Kupffer 14 643 has been hypothesized to be Kupffer cells, the cells in mechanism is to destroy them with gadolinium chloride resident hepatic macrophages, since they are activated by (GdCl 3 ); however, this technique cannot be used to study peroxisome proliferators in vivo. Therefore, these studies mitogenic processes since GdCl 3 itself increases hepatocyte were designed to determine if Kupffer cells are causally DNA synthesis (6) . Interestingly, antibodies to TNFα largely responsible for WY-14 643-induced increases in hepatocyte prevented the mitogenic effect of GdCl 3 and WY-14 643, thus DNA synthesis in vivo. WY-14 643 (100 mg/kg) increased implicating TNFα in the mechanism by which both increase DNA synthesis 8-fold 24 h after treatment; however, inachepatocyte DNA synthesis (4, 7) . To avoid problems with tivation of Kupffer cells with methyl palmitate, a noninterpretation, Kupffer cells were inactivated with methyl hydrolyzable fatty acid ester and known Kupffer cell palmitate in these studies. Methyl palmitate is a non-metabolizinhibitor, completely prevented the mitogenic effect of WYable fatty acid that decreases reticuloendothelial function and 14 643. On the other hand, the ability of WY-14 643 to inhibits uptake of colloidal carbon, a measure of Kupffer cell induce peroxisomes was not affected by methyl palmitate.
activation, by~70% (8) . Inactivation of Kupffer cells with These data demonstrate that induction of peroxisomes is methyl palmitate has been used to demonstrate their role in not dependent on factors from Kupffer cells and support the mechanism of 1,2-dichlorobenzene hepatotoxicity and in the idea that stimulation of DNA synthesis and induction graft failure following transplantation of cold-stored livers of peroxisomes occur via distinct mechanisms. Additionally, (9, 10) . Moreover, methyl palmitate inhibited hepatocyte mito-WY-14 643 increased liver mRNA transcripts of the hepatogenesis following partial hepatectomy, proving that Kupffer cyte mitogen tumor necrosis factor α (TNFα) more than cells are involved in liver regeneration (11) . Therefore, methyl twofold. This increase was also prevented by inactivating palmitate was used here to determine if hepatic macrophages Kupffer cells with methyl palmitate. Therefore, it is conare causally involved in hepatocyte mitogenesis stimulated by cluded that Kupffer cells are causally responsible for WY-WY-14 643. Preliminary accounts of this work have appeared 14 643-induced increases in hepatocyte DNA synthesis most elsewhere (12) . likely by increasing production of TNFα, a hepatic mitogen.
Results and discussion Introduction
Male Sprague-Dawley rats (200-225 g) were maintained on Peroxisome proliferators are a group of structurally dissimilar a 12-h day-night cycle and given free access to chow and chemicals that cause liver cancer in rodents by mechanisms water. Methyl palmitate (300 mg/kg on day 1; 150 mg/kg on that remain unknown (1); however, considerable evidence days 2-4) or saline vehicle (1 ml) was given for 4 days i.v. as suggests that these compounds act by increasing rates of described elsewhere (10) . At 8 h after the third methyl palmitate hepatocyte DNA synthesis (2) . For example, WY-14 643, the treatment, WY-14 643 (100 mg/kg) or an equal volume of most potent carcinogen in this class, sustained elevated rates olive oil vehicle (0.4 ml) was given i.g. At 24 h after treatment of DNA synthesis for as long as the compound was adminiswith WY-14 643 (Chemsyn, Lenexa, KS), animals were given tered, while diethylhexyl phthalate (DEHP*), a much less 100 mg/kg 5-bromo-2Ј-deoxyuridine (BrdU; Sigma) i.p. to potent carcinogen, did not (2) . The stimulus for increased label cells in S-phase. One h later, the animals were killed under pentobarbital anesthesia and livers were perfuse-fixed incorporation (13). Tissue sections were deparrafinized, rehy- DNA replication. Six darkly stained, BrdU positive cells were identified in the photomicrograph of the WY-14 643-treated liver in Figure 1C (arrows) while positive cells were rarely surrounding hepatocytes, are more numerous in WY-14 643-detected in livers from control ( Figure 1A ), methyl palmitate treated rats than controls and are associated with an increased ( Figure 1B) , and methyl palmitate ϩ WY-14 643 ( Figure 1D) incidence of tumors (16). treated rats. WY-14 643 increased hepatocyte DNA synthesis While increased hepatocyte DNA synthesis is a critical 8-fold over basal rates, an effect that was prevented comcomponent of the carcinogenic process, the mechanism by pletely when Kupffer cells were inactivated with methyl which peroxisome proliferators increase DNA synthesis palmitate (Figure 2 ). These data demonstrate clearly that remains unknown. Several findings support the hypothesis Kupffer cells are responsible for the mitogenic effect of WYthat non-parenchymal cells are involved in stimulation of 14 643.
hepatocyte DNA synthesis by WY-14 643. Rates of BrdU Several studies have suggested that increased rates of DNA incorporation in vivo were increased nearly 8-fold by WY-14 synthesis are central to the ultimate development of tumors 643 (2); however, in pure cultures of hepatocytes, mitogenesis following peroxisome proliferator treatment since increasing was elevated only~2-fold (17) . One possible explanation for mitogenic rates can elevate the conversion of DNA lesions lower rates of hepatocyte DNA synthesis in vitro compared into mutations prior to repair and increase the probability of with in vivo is the absence of non-parenchymal cells such as 'spontaneous' mutations forming from normal DNA replication the Kupffer cell. Kupffer cells, the resident hepatic macro-(2). Increases in DNA synthesis are also important in the phages, are a rich source of mitogenic stimuli (e.g. epidermal promotion of spontaneously initiated cells. For example, pregrowth factor, TNFα, hepatocyte growth factor, and prostaneoplastic foci are more numerous in livers of older than glandin E 2 ) (5) and are involved in regulation of hepatocyte younger rats treated with the peroxisome proliferators WY-14 growth (11) . Since inactivation of Kupffer cells with methyl 643 and nafenopin, since older rats presumably have more palmitate completely prevented the WY-14 643-induced spontaneously initiated cells (14,15). Moreover, basophilic foci, which exhibit higher rates of BrdU incorporation than increase in hepatocyte DNA synthesis in these studies, it is 
